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Vatertewn Arsenal Laboratory 

Problem FumbcrD-2.1   llWl!!   A QQ j ETICn211 Hoveal39r ^3 

ABHOR Am) m$m 

Metallurgical Sxamlnation of Armor and 'feld Joint Saürples from 
Euseian Medium Tank T-3U and Heavy Tank KT-l 

CBJSCT 

To make complete metallurgical examination of subject armor and weld 
Joints. 

SgjKAgf Or ESSULTS 

ABMOR . 

1. The four types of al^loy steels used are ae follows: 

a. Mn-Si-Mo alloy steel for rolled plates 3/8 inch to 3/U inch 
It thickness. 

h. Cr-Mo alloy steel for 1-l/U inch thick rolled armor. 

c. Ni-^r-Mo alloy steel for 3-5/8 inch thick cast armor. 

d. Mn-Si-Ni-Cr-Mo alloy steel for both cast and rolled components 
5 inuhes and 1-7/8 inches in thickness respectively. 

The silicon content of the Mn-Si-M-Cr-Ho and Mn-Si-Ho steel* is high, 
ranging from 1.0 - 1.5^ Si. All the compositions provide hardenability 
adequate for satisfactory quench hardening of the sections. 

2. With the exception of one cemponent, namely, the bow casting from 
the Medium Tank T-3i- which is T>riaarily a structural element, the armor 
components were heat treated by quenching, probably in oil, followed by 
tempering. High temperature transformation products resulting from incom- 
nlete quench hardenlig were detected in some of the heat-treated armer 
sections. 

3. The arajr comoonenU of the Medium Tank T-3U were heat treated to 
very hi^h hardness Isvels (Ü29 - U95 Brinell) probably in an attempt to 
obtain maximum resistance to penetration even at the expense of structural 
stability under ballistic attack. The components of the Heavy Tank JCV-l 
were heat treated tc hardnesses more nearly approaching American practice 
(285 - 321 Brinell). 

U. The steel quality of the rolled armor sections varies free peer 
to excellent. Vide variations in production technique are indicated. Some 
rolled armor components were cross-rolled while others appear to have been 
stralght-away rolled. T^a, turret castle t^pp.&fi iM^ua Tank T-}U is of P / 
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good quality, while that of the Heavy Tank KV-1 contains excessive amounts K 
of hot tears in thejy»^ion examined.    Tho ^ow casting is extremely un- 
sound,  containing elAff^ive shrinkage.                                                                                 r 

VÄDI1TG AisD JOIFT 1SSIG1I 
V 

5» The joint design is characterized "by dovetailing such that the 
edge of the lighter plate is set into a niche machined or flame-cut in the 
heavier plate sufficient to hring the lighter plate surface approximately 
flush with the surface of the edge of the heavier plate. Pit-up is fair- 
ly rough. All welding appears to have been done in the flat or horizontal 
fillet position. 

6. Two types of ferritic electrodes, one of a carbon-manganese and 
the other of a similar analvsit? with a substantial molybdenum addition, 
evidently were used for most of t^e welding. Base metal cracking of the 
under-head type was negligible, and since all weld de-nosits appear t* have 
been made on armor in the final heat-treated condltien without the use of 
•preheat it is probable that a ferritic electrode with a suitable all- 
mineral type coating was used. Austenitic electrodes were used, apoarently 
indiscriminately, in making two tf the weld deposits. 

7. Shallow penetration, poor fusion, and severe undercutting were 
observed in most of the welds and arc probably due to improper nanlpu- ^ 
It.tlon of electrodes which may not have entirely suitable operating char- % 
acterlstico. These obvious defects, together with low strength and peer 
metallurgical structure of  ferritic weld deposits, indicate that the weld- 
ed Joints weuld have poor resistance to severe shock. 

S. A. Hcrres 
let Lt., Ord. BcpU 

A. Kurlich 
' Associate Metallurgist 

APPBöfcSl: 

H, H. 2CRKIG 
Cclcnol, Ord. Dcpt. 
Director of Laboratory 
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1 
INTRODtTCTIOH 

Three welded joint sections from a Huseian Medium Tank T-3U and one 
welded Joint section from a Huss^an Heavy Tank KV-l were forwarded to this 
arsenal "by Aberdeen Proving Ground for metallurgical examination of rolled 
and cast armor and welded joints in accordance with instructions of th? 
Office, Chief of Ordnance1. 

MATSRULS AffD TES? PROGSDÜBE 

Locations of samples, as taken from the complete vehicles are in- 
dicated on Sketches A, B, and 0 furnished with the basic correspondence 
(see Appendix A). &acroetched cress sections cut penendicular to each 
wold joint show the four samples to "be made up of the ^ollowln^ com- 
ponents; 

Sample Ho. 1 (Pigurc l) Medium Tank. Slopinc top and lower rolled 
homogeneous armor hull front plates attached to "bow casting "by two dove- 
tailed joints held "by four shallow penetration weld deposits. 

Sample No. 2 (Figure 2) Medium Tank# Soiled honogeneftue null roof 
plate attached to rolled homogeneous top sloping front plate "by incomplete 
penetration angle joint welded fro . "both sides of plate. 

Saarole To, 3 (figure 2) Medium Tank. Holled homogeneous turret top 
plate attached to turret sidewall casting by ir.comolete penetration, 
partially dovetailed, angle weld joint welded fron both sides of plate. 

Sample Ho, U (Pigure 2) Heavy Tank. Hollcd hoacgeneouc turret top 
plate attached to ridewall casting by incomplete renetratlon, partially 
dovetailed, corner joint welded froia outside of joint only. 

Samples for chemical analyses, tensile teats, hardness surveys, macro- 
etching and nlcroocopic examination were cut frora each r -mor section. 
Sample* for chemical analyseö, hardness surveys, macroetching and micro- 
scopic examination of each weld joint were taken. Results rf these test« 
are discussed in the following sections. 

msA A:^ mcussxoy 

AgKOJt 

1 • Cheaical Analyses 

the analyses of the nine armer specimens contained in the four 
submitted weldod sections are included In Table I. 7our bacir type 
analyses are recvgnltable, consisting of the following alleys: 

^See Apuendlx A - Basic Correspondence 
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a. Mn-Sl-Fi-Cr-Mo 

The components of this t:npe analysis consist of two 1-7/8 inch 
thick rolled homogeneous plates, and a 2-3/8 inch thick cast turret side- 
wall section from the Medium Tank T-3U, all of which fall within the follow- 
ing range of chemical composition: 

C      Mn       Si       Nl       Cr      Mo 

.23/.2g  1.20/1.27  1.09/1.^5  1.2V1.32  .0/1.05  .195/.22 

Also included in this type analysis is a how casting from the Medium Tank 
T-3U which has a maximum thickness of approximately 5 inches. The how 
casting has higher manganese and silicon contents than the other armor sec- 
tions in the same category, namely, 1.5^ Mn and 2.3$o Si. 

h, Mn-Si-Mo 

The two components of this type analysis consist of 5/8 inch 
and 3/U inch thick rolled homogeneous plates from the Medium Tank T-3U 
lying within the following range of chemistry: 

C Mn Si        *S£L 

.25/.3^   1.27/1.33   l.lVl.59   .20 

Residual amounts of nickel and chromium are also present. This alloy is 
exactly similar in manganese, silicon, and nolyhdenum contents to the 
previously considered Hn-Sl-Kl-Cr-Mo steel. 

c. Nl-Or-Mo 

The one comoonent of this tyne analysis consists of a 3'5/2 
inch thick turret sidewall casting for the Heavy Tank KV-l. The composi- 
tion is the following: 

c Ü* §i lit £l Mo 

.30 .uu •^ 2.91 1^7 .27 

i- Cr-Me 

One l-l/1^ inch thick rolled homogeneous plate, from the Heavy 
Tank KV-l, of the following analysis is of the Cr-Mo type: 

C      Kn     §1    Cr     Ho 

.32 .Ul    .32   2.3U   .25 

2. Eardenability 

Jcmlny bars, machined from two of the Ka-Sl-Kl-Cr-Ho steel com- 
ponants of the Kedius Tank T-3U, and from the Hi-Cr-Mo and Cr-Ko steel 
co.Tponente of the Heavy Tank IV-l were autten) 4ied f?r 3 hours at lS75c T. 

- U • 



and end quenched according to the standard procedure. The hardenahility 
curves are presented in Figures 3 *&& U, and pertinent data sumznariEed in 

*       TaUe II. 

Ill of the four steels possess hardenaMlity adeouate to permit 
satisfactory quench hardening through the thickness of the section up« 
oil quenching. 

3. Hardness Surveys 

Boclcwell C and Srinell hardness surveys vere made on surfaces 
through the thickness of the plates. The results of the hardness surveys 
are contained in Figure 5» *&& wo sunmarized as follows: 

HASmSSS 5URVSYS 0? RUSSIAN ARMOR 

Thickness Hardness Range Through Cross Section 
Sample Armor Section inches     Rrinell       Rockvell C 

1 Bow Casting 5        200 - 2U« 
Lower Sloping Front Plate 1-7/8      W*        UU - U7 

2 Top Sloping Front Plate  1-7/8    UUU - li6l      l*3.5 - ^7-5 
Hull Roof Plate 3/U       U29        UU - 1*5.5 

3 Turret Top Plate 5/8       ^95 50.5-51.5 
; i j        *                Cast Turret Sidewall    2-3/6    W*. ~ U95      U5 - 50.5 

b Turret Top Plate        1-l/U       321 30 - 5^5 
Cast Turret Sidewall    3-5/g    285 -  ^93      2S - 30 

^. Physical Properties 

The tensile properties of all ansor components with the exception 
of the bow casting of Sample 1 were determined, and are listed in Table III. 
Excessive porreity in the how casting prevented adequate determination of 
its physical properties. The elongation and reduction of area of the rolled 
and cast armor sections compare favorably with the same properties of 
domestic good quality eteel at comparably high tensile strengths. 

5- Kacrestructure and Hjerestructure 

Medium Tank T-^U 

Sasmle 1 

|[ Lower Sloping Front Plate. The hot ecid etched structure of 
the 1-7/8 inch thick rolleO hoaogenecut lower sloping front plate indicates 
moderately clean, cross-rolled steel vlth some residual IngotUrn evident 

•       as shown by the differential etching characteristics of the middle third 
of the cross-section (Figure 6A). IVpical slllcate-tyve inclusions art 
shown in Figure 6B. 

i 
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The microstructure coneieta of relatively coaree acicular 
oarteneite having an A.S.T.K, grain eise of #3 - U. The eteel was com- 
pletely quench hardened, probably in oil, and pcssi'bly tempered at some 
temperature not over 500° ?., since no evidence of martensite decomposition 
can be found (see Tigures 6C and oD). 

3ov Casting. The "bow casting is extremely porous with shrink- 
age cavities as large as 1/2 inch in diameter occurring in the midsoction of 
the castii^. The hot acid macroetch reveals a very coarse-grained structure 
and a large amount of fine porosity (Figure 7^)- At low magnification, the 
microstructure exhibits a coarse Vidmanstatten pattern with ferrite en- 
velopes at the austenite grain boundaries (Figure 73)» Oriented spheroidized 
carbides are revealed at high magnification (Figure 7^), and somespheroi- 
dited carbides occur in the ferrite envelopes (Figure I'D). 

The .Tiicrostructure of the bow casting indicates that the heat 
treatment employed consisted of oither a normalising and tempering treat- 
ment, or a temoering treatment alone. The lack of a hardening treatment 
is very unusual for an armor ccmüonent. The bow casting, as incorporated 
into the T-3U tank is, however, -orimarily employed as a structural member. 
Only a very narrow portion cf the casting ip exposed to bÄllistic attack; 
and because of the angles at which the top and lower sloping front plates 
are attached, the exposed Tjortion of the bow casting resembles the point of 
an arrowhead. 

Sample 2 

Ton Sloping Front Plate.  The hot acid r^icrcctchcd etructure 
of the 1-7/8 inch thick roiled hcmogeneoui top eloping front plate is con- 
siderably different from that of the lower sloping front plate (compare 
Figure 8A t^ Figure fA). The top sloping front plate was probably straight- 
away rolled, that 1:, the reduction to the final ^age was performed by rcll- 
ing in a constant direction (tec Figure SA).  The steel quality is poor, 
many elongated stringers of nonmetallic inclusions being found thrrugh^ut 
the croea-section.  Two goneral types of stringers occur, one consisting ^f 
small, friable, alumina-type inclusions and the other of disconnected 
silicate-type inclusions (Figures gB and 6C). 

The microstructure consists of martensite grains having aa 
A.S.T.H. grain size rf *£, with ecce rejected pearlitc and ferrite at tha 
martensite grain bemdaries (Figures CD and 62).  The presence of the high 
temperature transforaatlcn products Indicates insufficient quench harden- 
ing since the steel pcasasses adequate hardenability f^r its section slse. 
The microstructure reveals that the armor was net tempered at a tessera- 
ture in excess of ^OC - r>OC6 ?. 

Kull_&of Plate.  The }/U  inch thick rolled hcacgenecus hull 
roof plate of the Hedlus Tank T-^- »»as produced by a straight-away rolling 
process (Figure 9A), As compared with current domestic standards, the steel 
is of Inferior Quality, with numerous elongated silicate-typo inclusions 
distributed throughout the cross section (Figure 5^). The microstructure 
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consist? of grains of martensite with pearlite and ferrite rejected at the 
grain boundaries« as well as occasional grains of coarse pearlite (Figures 
9C, 9D, and 9s)* ?h* presence of high temperature transformation products 
in this thin plate made of steel haying high hardenability, indicates im- 
proper hardening technique. The hull rpof plate was possihly tempered at 
a low temperature, not in excess of 500.° ?• 

Sample 3 

Turret Top Plate. The 5/g inch turret topplate was elso 
produced by a straight-away rolling process (Figure 10A). The steel is 
sound and relatively free from nonaetallics. The microstructure consists 
of martens!te grains having an A.S.T.K. grain site of #U (Figures 10B and 
IOC). The uniform martensitlc microstructure indicates good hardening 
practice and a low tempering temperature. 

Turret Sidewall Casting. The hot acid macroctchcd structure 
of the 2-V8 Inch thick turret sidewall casting from the Medium Tank T-5U 
reveals a very fine dendritic structure and fine shrinkage confined to the 
middle third cf the section thickness (Figure 11A). The steel is moderate- 
ly clean, containing randomly distributed globular nonmetallics (Figure 11B). 
The microstructure is essentially aartensitic with an A.S.T.H, grain size 
of #5 (Figure 11C), Pearlite and ferrite occur at the martensite grain 
boundaries in the dendritic axes (Figure 11D), while the higher alloy den- 
dritic fillings are completely martensitic (Figure 113). The casting was 
possibly tempered at a low temperature. 

Heavy Tank KV-l 

Sample U 

Top Plate. The hot acid maw*octched structure cf the 1-l/U 
inch rolled homogeneous turret top plate indicates the steel to have been 
cress rolled (Figure ISA). Scattered stringers of nonmetallics occur in 
both longitudinal and transverse sections. The steel is moderately unclean, 
with silicate-tn,c inclusions found throughout the cross-sectIra (Figure 1231 
A moderate degree cf banding is evidenced at low magnifications, with the 
steel having a grain slsc of A.5.T.M. ^€ (Figure 12C). 

The microstructure consists of tempered martensite. ferrite, 
and epheroidltcd carbides. The presence of high temperature transforaetlos 
products indicates improner hardening technique since the hardenability of 
the steel is extremely high (Figure ^). A tempering temperature of 105CV - 
115Ce F. was probably employed. 

Turret Sidewall Casting. The hot acid aacreetched structure 
of the 3-5/e inch thick turret sidewall casting from the Keavy Tank tV-l 
reveals aasy hot tears extending down fcr a considerable distance into the 
aetal (Figure IJA). The dendritic structure ic most pronounced In the mid- 
dle third of the cross-section. The steel is very clean, with only scat- 
tered acnaetalllcs visible at a magnification cf HOC (Figure 153). 

- 7 - 
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The mlcroetructure coneiete of tempered martensite with very 
eiaall amounts of ferrite end grain boundary carMdee occurring irregularly 
in the dendritic axee (Figures I}!) and I3B). The hardness and microstructure 
indicate a tempering temperature of approximately 1200° T. 

6. General Coneidorations (Armor) 

The analyses of tho armor components from the Medium Tan^c T-3U 
demonstrate judicious selection of alloying elements from tl.e viewpoint of 
conservation. The Mn-Si-Mo analysis for the light gage armor is an excel- 
lent example of a steel containing very small amounts of t-ny strategic 
alloy. The  Mn-Si-Hi-Cr-Mo analysis was probably developed to provide in- 
creased hardenability for application to armor of heavier gage. The silicon 
content of these steels is much greater than that of domestic cast and 
rolled armor. It has been found difficult in American practice to produce 
high silicon armor steels low in nonmetallic content. 

The Ki-Cr-Ho 3-5/8 inch thick turret sidewall casting and the 
1-l/U Inch thick Cr-Mo rolled steel plate from the Heavy Tank KV-1 are both 
somewhat similar In composition to currently produced domestic heavy amor. 
The Cr-Mo steel has a ccr^lderAblo excess of hardenaclllty when applied to 
1-l/U inch thick plates. 

The subject araor is conolderably harder than American armor of 
comparable thicknesses. Tho comparison between the average hardness of cur- 
rently produced American araor and the subject Kussian armer Is as follows: 

Hardness Bange of Hardness Bange of 
Plate                            American Arsor   ^issian Amor 

Thickness      Type Armor BH1T 3H3^ 

5/8" Machinable Rolled Hooogeneous 
5/8" Hard Rolled Honcgeneous 

3/U- Holled Koaogeneous 

l'l/^n Rolled Hoaogeneous 

1-1/B*  - 2f Soiled Homogeneous 
2* -  2-3/6* Cast Koao^eneous 

3-5/«" - U* Cast Hoatgeneous 

It is the practice in this country to reiuce the hardness cf amor 
with an increase in thickness to maintain good resistance to the shock re- 
sulting frca the lapact of large caliber projectiles.  It has been deaen- 
strated by ballistic tests that there is an cptisua hardness frr each 
thickness cf armer for aaxiauc ballistic properties, and that ti^ optlawa 
hardness 1B an inverse function of thickness under overmatching projectile 
conditions at nc*aal incidence of fire. The aaxlBua ballistic properties 
include not only resistance tc penetration, but also resistance to spalllng, 
shatterin^t or cracking under the impact of both overmatching armor-piercing 
and deforming projectiles, the latter type producing a high order cf shock 
impact. 

- S - 

is  320 - 350   

^6G - 390 1*95 

31c - 350 U29 

2S0 -  320 321 
2fO - 290 Wi - U6l 

d}^  - 270 UUU - U95 

2CC - 230 285 - 293 
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American armor does not generally fail etructurally upon complete 
penetration; the projectile either pushes the material aside, or punches 

^     out a plu^t leaving the armor still capable of affording -protection against 
further "ballistic attack. On the other hand, very hard armor has a tendency 
to fail structurally when impacted "by projectiles of sufficient celiher and 
velocity to produce complete penetration; th^ armor "breaking up or cracking 
so extensively as to effectively decrease its ability to resist further 
impacts. Hard armor would "be expected to have higher "ballistic limits 
against undermatching projectilcö than soft armor at all obliquities, and 
would possibly have superior resistance to penetration of overmatching pro- 
jectiles at very high obliquity. In the case of hard armor under ballistic 
attack at high obliquities, it is believed that the high hardness would be 
instrumental in deflecting the projectile in such manner as to increase its 
obliquity, thereby enabling the armor to defeat the projectile. 

In designing armor to afford maximum protection against armor- 
piercing high explosive projectiles intended to detonate after complete 
penetration of the armor, the consideration of resistance to penetration 
may, in some cases, be more important than resistance to shock. The sub- 
ject Hussian armor appears to have been designed fcr maximum resistance to 
penetration of undermatching projectiles at all obliquities and possibly 
matching and overmatching A.P. H.E. projectiles at high obliquities. Armor 
up to 3 inches in thickness and having hardnesses in the range of UOO - 500 

'      Brinell would be expected to evidence extremely brittle behavior under 
normal and low obliquity impact of overmatching armor-piercing projectiles. 

The quality of the rolled steel armor components covers the entire 
range from poor to excellent, indicating wide variatione in production 
technique. Several of the plates were incompletely quench hardened al- 
though possessing hardenability adequate to quench harden thrcufel; the 

' section thickness. 

TOPING AIH) jom assi&N 

^ • Visual Sxamination 

The surface appearance of the wolds after removal of a heavy coat 
of paint was generally quite rough indicating inexperience on the part of 
the welders in using too high a current or improperly ranipulating elec- 
trodes. Deposits A and C, Sample 1 (Figure l). deposit B. Sample 2, and 
deposit A, Sample 3 (Figure 2) appear to have been welded in the flat poei- 
tion. !'one of these are completely filled with weld metal because of in- 
adeauate weaving of the electrode during deDOsition of the crown beads. 
All of the remaining deposits appear to have been welded in the horisontal 

fl fillet nosition and all show severe undercutting due to too high a current 
or improper manipulation of the electrode, which may not be entirely suit- 
able in operating characteristics for welding In this position. If elec- 

i      trode had been held at alight angle and whitsned (ooclllated backward and 
forward to permit even solidification of metal) the amount of undorcuttlng 
would have been less. 
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2. Chemical Analyses 

Results of chemical analyses of samples machined from weld deposits 
are given in Ta^le IV. 

Two types of ferritic electrodes evidently were used. 7errltid 
deposits of Joint samples, Hcs. 1, 2, and ht  appear to have "been mads wtib 
a low alloy or plain carbon electrode, possibly with a small manganese adr 
dition. The remaining alloy content of these weld deposits appears to "be 
due to pickup from the hase metals. The lower manganese in weld deposit 
of Sample k  corresponds with a lower manganese content of the "base metals 
of this Joint. 

An austenitic electrode was used for the "body of weld deposit A, 
Sample 2, and for the crown and "body of weld deposit A, Sample U (Figures 2 
and 15). The ferritic crown of the former deposit may have been made with 
the same type of electrode as was used for the inner deposit of this Joint, 
the higher nickel and chromium being due to pickup from the underlying 
austenitic weld metal. 

The weld metal analyses of the two deposits of Joint Sample 3 
indicate that a substantial molybdenum addition was introduced either in 
the core wire or coating of the electrode used in welding this Joint. 

3. Hardness Surveys 

Results of Vickers-Brinell hardness surveys of weld deposits anc! 
weld heat-affected zones of base metals are summarized in Table 7. 

In general, both austenitic and ferritic weld metal hardnesses 
are low (185 to 250 standard Brinell*) with areas of higher hardness (250 - 
32U Brinell) for some of the weld metal passes which are in contact with 
the base metals and have picked up higher carbon and alloy contents. 

The ferritic crown deposit A, Joint Sample 2, which has picked 
up a hi^i nickel and chromium content from the underlying austenitic weld 
metal is of higher hardness (370 - 396 Brinell) than any of the other weld 
octal. The low carbon content of this deposit and the fact that it does 
not cover the whole of the crown, make it appear unlikely that this was 
an expedient intended to give a hard surface to the weld Joint. 

Maximum hardnesses of the base metals, a function of severity 
of weld-quonching cycle and carbon and alloy conttrnts of the plate, range 
from U66 - 307 standard Brinell. A band near the outside of the weld heat- 
affected «one has been tempered by the welding heat to a much lower hardness. 

**• Hacrcexaaination 

Macroetched sections through the veld deposits of Joint Sample 1 
(Ilgure l) are shown in Hgure lU, and macroetched sections cf weld de- 
positt of Joint Samples 2, 3, and ht  are shown in Figure 15. 

* 8«« ncto. Table V 
- 10 - 



The four weld deposita of Sanrole 1 appear to have "been made with 
three to six passes of a forritic electrode» Penetration and fusion are 
poor and there are several large gas holes in the weld metal. The rolled 
plates were welded as flame cut, but the dovetailing recesses in the "bow 
casting show marks of a rough machining tool and evidently were prepared 
in a shaper. Mild steel strips have "been inserted at the end of the lower 
front plate and have fused at one end into the outer weld deposit. 

The inner deposit of Sample 2 was made with four passes of a fer- 
ritic electrode. The root of the outer deposit was made with a ferritic 
"bead, the "body with several passes of an austenitic electrode, and a por- 
tion of the crown with a ferritic electrode. Penetration and fusion at the 
root of the Joint are poor. No particular purpose can "be seen in the use 
of austenitic weld metal in this deposit. 

The two weld deposits of Sample 3 appear to have "been made with 
two passes each of a slightly different typo of ferritic electrode from that 
used for the other three Joints (see discussion of chemical analyses). The 
deposits have many large gas holes. Penetration at the root of joint is 
poor . Surfaces of the dovetailing recess in the turret sidewall casting 
show grinding marks. 

Joint Sample U appears to have "been made with a root deposit of 
three passes with a ferritic electrodo followed "by a "body and crown deposit 
of five or six passes with an austenitic electrode. Tuslon of the ferritic 
root is very poor and there is serious undercutting at the ülate junction 
with the austenitic crown. The dovetailing recess in the turret sidewall 
casting was made "by flaae gouging as evidenced "by surface appearance and 
presence of a heat-affected zone at this surface of macroetched section. 
Fitup of this joint ie very poor. 

Shallow "but distinct heat-affected zone areas indicate that all 
welding was done without the use of preheat on armor in the final heat- 
treated condition. 

5. Microexamlnation 

Photomicrogrtitshs of structures in the weld deposits and fusion zone 
areas of the four samples are shown in Figure l6. Microstructure of Vr* 
plain C-Mn forritic electrode used in weld Samples 1, 3» ^ ^» i8 typically 
low carton pearllte with excess forrite in a dendritic pattern (upper Inft 
photomicrograph, Figure l6). Void metal beads in contact with "base metal 
have a higher proportion cf carbides because of pickup of carbon from -he 
armer. The email crack growing out of an area cf incomplete penetration 
end the linear segre^at .on of small inclusions in the weld metal are ex- 
amples of defects found in these deposits (upper right and upper center loft 
photomicrographs). Base metal structure adjacent to the fusion zones io the 
usual coarse-grained martensite. 

Microstructure of ferritic root bead in outer deposit, Saoplo 2, 
(upper center left photomicrograph) consists of high transformation tempera- 
ture carbides and excess ferrlte with original dendritic pattern broken up 

- 11 - 



by reheating "by austenitic weld deposits. Jerritic "beads at crown of outer     * 
weld deposit, because of higher alloy content picked up from underlying 
austenitic deposit, consists largely of low transformation temperature j 
carbides in a ferritic background. This structure accounts for the higher      * 
hardness noted for this weld metal. A small weld metal crack was observed 
at fusion lir > of austenitic and ferritic crown bead weld metals (lower 
left center photomicrograph). 

The microstructure of the root beads of the two weld deposits of 
Sample 3 (right lower center photomicrograph) consists of high transforma- 
tion temperature carbides and excess ferrite. The original dendritic 
segregation has been largely broken up and carbides have been partially 
spheroidized by heat of subsequent welding passes. A much higher propor- 
tion of carbides is present, because of carbon pickup from plate, than in 
crown beads of same deposits. The microstructure of the latter (lower left 
photomicrograph) is low carbon pearlite with typical dendritic segregation 
of free ferrite. 

A photomicrograph of junction of ferritic and austenitic weld 
metals of Joint Sample 4 shove the former to consist of high transformation 
temperature carbides and ferrite with excess ferrite network at boundaries       A 

of grain system produced by heat of subsequent austenitic weld deposit. Two 
small fusion zone cracks extended from notches due to incomplete fusion of 
ferritic root bead and armor. A base metal crack in turret roof plate under     y 
ferritic weld deposit was associated with nonmetallic stringers in this 
rolled plate. 

6. General Considerations (Welding and Joint Design) 

The Joint design is characterized by dovetailing which serves to 
locate the welds in positions prttected from direct ballistic attack, 
eliminates any danger of bullet splash, and in most cases, reduces the amount 
of welding necessary to form the Joint. The fitup is fairly rough. Little 
beveling was done.  Complete penetration was not achieved in any of the 
Joints. Fusion at the root of velds was very poor and severe! fusion zone 
cracks wore observed to originate at notches due to lack of fusion. 

All welding appears to have been done either in the flat or hori- 
zontal fillet position. Joints made In the latter position shew sevcrp 
undercutting probably due to improper manipulation of electrode. 

Two types of ferritic electrodes evidently were used; one C-Hn. and 
the other of similar analysis with a molybdenum addition. The latter gave a 
very porous weld deposit. Base metal cracAlng of the undcrbead typo was 
negligible and since all veld deposits appear to have been made en armer in 
the final heat-treated condition without the use of preheat, It is probable 
that a ferritic electrode with a suitable all-olnoral type coating was used. 
Austenitic electrodes wore used, apparently Indlscriainatoly, In two Joints.     • 

Th« resistance of the four weld Joints to severe shock would n^t 
bo.expected to bo good because of shallow penetration, poor fusion, under-      r 
cutting, and low strength of ferritic wold metal. Those obvious defects 
are offset by a design which may mlnlmlie exposure of wold Joints to bal- 
listic attack. 

- 12 - 



Ti3U3 I 

Chemical Analyses of Russian Armor 

Nl   Cr   Mo   Cu  Al Armor Section     C   Mn   Si 

Saijple 1 (Medium 
Tank T-^U) 

Top sloping 
front plate 

Bow casting 

Lover sloping 
front plate 

Sample 2 (Medium 
Tank T-3U) 

Top sloping 
front plate     .2^ 1.20 1.09 .02? .02U 1,2k      .90 .21  .09 .015 

Hull roof plate .2f) 1.27 l.lU .CU2 .018 • .Ik      .10 .195 -U -02 

.23 1.20 1.10 .026 .021 1.26 1.05 .215 .09 .025 

.29 1.55 2.29 .021 .029 1.52 1.05 .25  .12 .015 

.28 1.27 I.U5 .018 .023 1.32 1.03 .22  .09 .02 

Sample 3 (Kediua 
Tank ;MU)  

Top plate 

Cact turret 
sidewall 

Sample k (Heavy 
Tank KV-l) 

Top plate 

Cast Vorrat 
sidcvall 

.36 1.33 1.^9 .C22 .017 .1^ .05 .20 .12 .025 

.26 1.20 1.37 .CIO .018 I.26 .85 .195 -OU .015 

.32 M .32 .016 .018 .16 2.34 .25 .11 .015 

.30 M .34 ,0^1 .016 2.91 1.^7 .27 .10 .02 



TASLB 11 

Actual Thickness of 
Section - Inches 

Hardness 1/16" from 
Quenched End. Ec 

Ho. of l/l6th of an 
Inch for a Drop 

End-Qaench Hardenablllty Data 

Bow Casting  Top Sloping Front Top Plate 
from Kedlam  Plate froa Sample from HeaTy 
Tank T~3^   1 (Med.Tank T-3^) Tank IT-1 

Turret Side- 
wall from 
Heavy TankKVl 

5 

of 5 Be Kiaimua 

of 10 Re 

to I13 Re 

hardness 
is 

Re 

Hardness at 2-1/2" 
froa ^lenchod Snd.  He 

Thickness of Plate 
^lenchalle to U3 Re 
in the  Center - Inches 
(oil  quench) 

U6.5 

Greater 
than 

5" 

1-7/8 

U6.5 

20 

Klnlmuo hardnes« 
le 37 He 

16 

37 

1.9 

1-1/1+ 

52 

20 

39 

32 

Ul 

3-5 

3-5/8 

50.5 

Minimum 

hardness 
is 

U6.5 
Re 

U6.5 

Greater 
than 

».-*, s-if Ji ,J*t _«#. mmme&mmmt 



TABLE III 

Physical Properties of Bvissian Armor 

Tensile 
Direction of    Yield Strength   Strength Elonga-  Red. of Brinell 
Tensile Specimen 0.1^ Offset psi.   psi.   tion ^   Area ^  Hardness 

SAl'gLE 1 (Medium Tank T-^k) 

Top Sloping Front Plate (1-7/8" Rolled Homogeneous) 

Longitudinal 1 
M     2 
ii 

it 

172,000 
171,000 
171,000 
167.000 

Longitudinal Average 170,250 

219,000 
217,000 
221.000 
2lM00 

10.0 
12.1 

10.7 
12.1 

217,750  11.2 

UU.9 
U9.0 
U5.3 

U7.2 

U30 

rransvcrse 
n 

1 
2 

lUs.oco 
160.000 
167,000 

202,000 10.0 
215,500 8.6 

217.500   7.9 

37.6 
33.1 
34.0 

Transverse Average   15S,700 211,700   8.8 3U.9 

Lever Sloping Front Plate il-l/t"  Boiled Homogeneous) 

Longitudinal 1 
«    2 

M       7 

176.COO 
185.oco 
182,000 
177,000 

228,000 
2^0.CCO 
251,000 
230,ceo 

11.u 
12.1 
11.u 
12.1 

U7.0 
U9.0 
U9.0 

Longitudinal Average 16C.0C0 229.750      11.8 Ug.6 

^ransverce 
n 
n 
n 

1 
2 isu.oco 

210. C<C 
177.000 

230.000 9.3 37.6 
231.000 9.3 38.5 
2T1.0CO 10.0 "^8.0 
227.5CC 9.3 39.8 

Iransverso Average        19(\3CC 229.9C0  9.5 38.? 

Longitudinal 1 

Lcngitudlnal Avcra^ö    175,2S0 221.750      11.2 Uii.5 

-ran»verse 
ft 

N 

H I 

18-.000 
ir.ooc 
17s.ceo 
181.COO 

222.OCO 8.6 32.6 
221.CCC 7.9 33-* 
21V. 5^ 9.3 51.2 
2?0,OC0 7.1 3k.r 

Transverse Average        1^0,000 220.ICO        5.1 32.9 

m 

SAI-^LS 2  (^edijJia TankT-^U) 

Top Sloping Tront Plate  (1-7/8"  Rolled rbar^eneous 

176,CCC 220.{C0 10.7 39.^ 
179.00C 22^.000 12.1 U7.0 
181,OCC 2?1.500 10.7 ^.5 
177,000 22ltCOQ 11.U U7.C 

~ 46l 
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TABLB III (Cont,) 

Direction of    Yield Strength 
Tensile Specimen 0.1^ Offset pel. 

Tensile 
Strength Elonga-  Red. of Brinell 
psi.   tion ft  Area j  Hardnese 

SAMPLE 2 (Uedimn Tank T-V4) 

Hull Roof Plate (V^" Rolled Homogeneous) 

Transverse  1 
rt     2 

167,000 
166.000 

215,000  7.1 
210,000   8.6 

^O.g 
32.6 

U29 

Transverse Average 166.500 212,500  7.9 31.7 

Longitudinal 1 
n     2 

SAMPU 

Top Plate 

219.000 
215.000 

J3 (Medium Tank T-3U) 

S" Rolled Homogeneous) 

270,000 10.0 
262,000   9-3 

3S.9 
39.8 

1 n _,rt ^ 

U95 

Longitudinal Average 217.000 266.000   9-7 39A 

Transverse  1 
M     2 

3 

211.000 
20U,000 
205.000 

275.000   7.1 
267,000   7.1 
2^7,000   7.1 

27.O 
26.0 
26.5 

Transverse Average   207,700 269,700       7.1 26.5 

Turret Sj^evall (2>^/8"  Cast Homoreneous) 
1 lbO,COO 21S.0C0 M 11.9 
2 l6l,GCO 223,000 5.0 11.9 
3 159.000 216,000 6.U 16.6 

Average 160.000 219,000      5.' 13.5 

SAHPL5 U (Heavy Tank KV-l) 

Longitudinal 1 
2 

I 

Top Plate (l-l/U" Rolled Hcaogeneous) 

i^^.occ 15^.000    15.7 59.6 
n6,0CC 155,000     1U.3 58.1 
136.occ 15^.000    15.0        53.1 
130,00c 152,000    15.c        5^.5 

Longitudinal Average    133,750 1^3.750  1^.0 ^.6 

.rancvcrs» 
n 
M 

It 

132,000 
136,OCC 
129.CCC 
l^S.CCC 

15^^00 1^.3 ^9.« 
1^3.000 1U.3 U7.U 
1^,000 12.9 ^.^ 
15^.500 1^.3 ^9.^ 

Transverse Average       133.7^0 152,bCO      lU.O ^.6 

UUU - U95 

321 

1 
2 

\ 

T-orret Sldevell (3'5/gw Cast Homc^enocue) 

120.000 lUo.CCO       8.6 17.^ 
120,000 1^1. SCC      12.1 26.0 
120.000 lUcSCO      12.1 25.5 
119.GCO 1^1,500      10.7 23.6 

Average 119.750 iiio.900    IC.9 23.2 
11" v. ,r: 

285 - 293 

msmcikumrjm -^rw* ■»»= 



TASLE IV 

Chemical Analyeea of Veld Hetal Deposite 

VTeld 
Depoeit C Ma Si Nl 51 Mo V 

M2DIX3M TATK T-3U 

Sample Ho.  1 
(Ilgure No.  l) B .07 •97 .75 .2U .20 .05 Nil 

C .10 1.03 • 91 .^9 • 3^ .09 H 

D .08 •93 .63 .16 .17 .03 It 

Sample No,   2 
(Figure No.  2) I 

Jerritic Crcwn .10 

Auetenitic Body .11 

B .10 

.9«      .63      2.97        l».82        .06      Nil 

.82      M      f.Of      10.02        .08        w 

.81       .5C        .37 .16        .10        n 

If 

% 

i 

Sample To.   3 
(rieTXirc No.   2) 

Sample No.  U 
(ri^ire No. 2) 

B 

.08 .89      .72        .18 .19 

.12 rl    .63      .18 

HZm TANK KV-1 

*13 

Hcot Pacöos  .15 

Crovn Passes .19 

.51       .U        .55 Ol 

.57      .-1    12.12      19.97 

.27      Nil 

.26 

.09    m 

.10        ' 

ü 
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^A'-Vl'HA T-3U Medlar. /Jank .lSa^a_eJ.J_ 

'^■%y ^i 

Hi 

Hot acid macro etch —k- Xl^ 
Very coarse grained macro ßt met lire.    Porous castin/:. 

X100 -3- Kltal-Picral 
Aclcular Wldnanstatt en stricture.    Ferrite 
envelopes at austonlto f^rain "boMndaries. 

X1C00 -C- Nltal-Picral X1000 -D- Njtal-Picral 
IVpical orientation of car'blAes in      Ferrite envelope  i*.ich as  shewn  In -3^-, 
ferrite.    Pxjbablp hoat treats «it        Sj^heroldlzed cartlies present  In 
consisted of tonjerln;: after casting, ferrite at f:raia bo'an-larI-»e. 

FI>rÄS 7 
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Hussiar. T-JJ4 Medlun Tank (SfLJole 2) 

1^7/8" Top Sloping _?röa t ?_lat e  (Roll ed Hono.? en soil s Arno r) 

-iU Transverse Long!tudlnal 
Hot acid macroetch 
Poor quality steel apparently straight-away rolled. 

XI 

•*••■ ' •   • ^—-   —^♦. 

X100 -3- Unetchrtd 
Poor q'iality steel.    Typical elon- 
gated  stringer composed of small 
friftbla alimina-type inclusions. 

X100 -C- fetched 
Stringers of silicnte typo incluslsnp 
also prenent in large njta'öer«. 

X100 -D- Ultal-Picral 
Ho.-jo^eneoua Acicalar structure. 
A.S.T.M.  ^raln size - #6. 

X1OO0 -I- Sital-Picral 
Snail aaio-onts of ferritt» and pearlito 
rejected nt martenalte ^rnin bouii- 
darles.    Possibly tempered at low 
temperature. 

i *i*.^ vaMm MMPiapiM a**0mMf*t.*,„ :>m**-\jsiir,. ^j«,* »^ -. *»mm 



i 

Russia.T-lU Wedi;w J^ank .iSanple _2j, 

3AM ^Hiill Roof Plate (Holled Homogeneous Armor! 

Longitudinal    Transverse 
Hot acid macroetch   -A-    XI 
Poor quality steel apparently 
straight-away rolled. 

XlOO -B- Unetched 
Poor quality steel.    Very high con- 
centration of elongated inclusions. 

XlOO -C- Nital-Picral 
Aclcular structure with feathery 
patches of ferrlte at ^rain boun- 
daries.    A,S.T,M. prrain  size f^5* 

'/'Ms//, 

X1000 -D- Nital-Picral 
Typical micro structure.    Martensite 
grains with ferrita and pearlite at 
grain boundaries.    Inconpletely 
quench hardened. Posnibly tenpered 
at low temperature. 

XLOOO -1- Nital-Picral 
Topical of less coapletely quench 
hardened areas. Grains of penrlite 
and martensite with rejected 
ferrite at /rain boundaries. 

miERX Q 
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RuB_filAn_T-3U Medium Tank  (Sample  3.) 

5/gM  Turret Top Plate  (Rolled HottopeneoiiB Ariior) 

Rii :*ji!l'. +.■   h. 

-fe- 

Longitudinal Transvrrse 

Hot Acid Macroetch -A- XX 
Sound Steel apparently straight- 
away rolled. 

X100 -B- Nltal Plcral      XIOOO -C- NUal Floral 
Ho-nn^neoui aclculnr mlc^08tructur^     Completely martiriBltic 
A.S.T.M.   rraln  site - U. mlcroetructure.    Postibly tempered 

at  low temperature. 

mi 
FI :r 2  10 
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Hu'^1 pn T- ■« 1. M-d 1 um Tanfc (-:or.r 1 ^ J. ) 

2-3/gw Turret Sid^vall (Cast Homogeneous Armor) 

*.,<*Ä 

^^'^>:;^^': 

Hot Acid MRcroetch -A- 
Centerline thrlnkagÄ in an 
otherwise dent« structure. 

XI 

X100       -K.       Unatchtd 
Moderately clean steel. Globular 
inclusions not segregated in any 
manner. 

X100      -C-      Nltal Plcral 
Homogeneous acicular structure. 
A.S.T.M. grain size - #5. 

-v ** 

XIOOO -n. Nital Picral  XIOOO -B- Hital Picral 
Structure found in many dendrite 
axes. Ferrits and pearlite 
rejected at aartsnsite grain 
boundaries. 

Structure typlcMd of dendritic 
fillings.  Martensite free fro<a 
high temperature transformation 
products. Possibly tempered at 
low temperature. 

muRi 11 
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Russian KV-1 Heavy Tank (Sanple ^J 

ij" Top Plate (Rolled Homogeneous Amor) 

jgr."*' 
^V'4f;'i *t.    -., 

Longitudinal        Transverse 
Hot Xcld Macroetch -A^. XI 
Moderately dirty steel. Steel has been cross 
rolled. 

fi 

X100        -B.        Unetched X10O       -C-     Nltal Plcral 
Typical elongated inclusions.       Moderately banded structure. 
Moderately dirty ste*»l. Lighter etching regions are richer 

in f^rrlte. A.S.T.M. grain 
size - *8. 

XXOOO -B-        ^Ital Plcral 
Tenpered oartenslte with ferrlte and 
carbides resulting fro« partial 
transfomatlon at elevated teoperatures. 
Incompletely quench hardened. 

wTN.t,3>-!yO( 
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Russian KV-I Heavy Tank  (Sample k) 

>5/811 Turret  Sldewall  (Cast HomOfTeneous Armor) 

?iT^>X?^ I 
Hot acid macro et eh -JU XI 
Large num'ber of hot tears extending for considerable 
depth into metal. 

HOG -B- Ifeetched 
Clean steel. Veil scattered globu- 
lar inclusions. 

XlOO -C- Nital-Picral 
Relatirelj homogeneous structure. 
l.S.T.M. «rain else - f»4-5. 

XXOOO -&. Iltal-Pieral    XXOOO -»- Iltal-Picral 
Tempered martenslte, with «sail Tempered martsnsite typical of 
amounts of ferrlte and carbides r*-   major portion of micro structure, 
suiting from high temperature traae- 
formation found in dendritic axes. 

fI5URi l^ 
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ECW   CAfiT IN- TOP   5L0P1\U 
FRONT   PLATE 

K , 

hO'm    CAf'TlNQ .O-fB   ^lUP INC 
rUONT   PL*TI 

CTC»»;    jiNlTAL    r-LLCurr   :♦"    -i ,'■   »'tCWAi. 

ri.*w«,C   14.     vA:«CiT>CD  SLCMC'»«   T» «Cwin  ■£1,3  DCi-CiiTS  Cr   S*VI>L*,   NC.I, 
«w:.i!v. »-csiv^ T*\» T-u.    set niv«c  i  r:« .C:A!I:*. C" -t.: 
^LPC^lTS   r.   wCi\'S. 
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TOP SLOPING 
FRONT PLATE 

TU««tT 
SIDCWALL 
C*8TIK6 

SAMPLC   NO.   3 

TURRET 
TOP   PL*Tl 

tAMPLC   NO.   4 

*< ETC»*: s* MTAL roLLOfcCr e> -»i TICRAI. 

riS-Rt IS.  MACROCTCHCO $CCT»C\$ IHRCUSH wCLO OCPCJlU 0r SA^LCS NC. . 
AND J.A.SSiAN HCOl^ TA'Ä T-i-4. AND SAV^LC SO. 4 R.SSi*S 

.,     HCAVY TANK »V-I.    *€£ r!5««t r re« WOCAT.QN Of yfLO DC^SiTS 



i   i 

xi CO 
WCLD  MClKL.   SAMPLE  NO. 

PICRAL 
DEPOSIT   0. 

XIOO PtC«AL 
JUNCTION  OF   WELD  AND LOWE«   MCNT   PLATE. 
SAMPLE  NO.    I.   DEPOSIT   0. 

rERPlTIC  WELD METAL 

AUSTENITIC 
WELD METAL 

XICC PICfUL 
JUNCTION  Or  WELD   AND   LQWE«   rPONT   PLATE 
SAMPLE NO.I.   DEPOSIT   C, 

AC'STENITIC 
WELD   METAL 

wn 3 METAL?'^ 

•* * 
BASE  METAL 

XICO PICPAL 
JUNCTION Or rPONT PLATE. AUSTENITIC, AND 
rERMTlC DEPOSITS. SAMPLE NO. c.   DEPOSIT A. 

'i^^ 

XIOO PICRAL 
CRACK AT ruSlON LIKE Of WELD BEADS. 
SAMPLE NO. r. DEPOSIT A. 

XIOC PICAAL 
WELD METAL. ROOT BEAD. SAMPLE NO. 3. 
DEPOSIT A. 

stLC MfTAL. CROWN BEAD. SAMPLE NO.}. 
DEPOSIT A. 

u 
X 

X^SO PICRAL 
JWICTION Of  AUSTENITIC  AND  rfPRlTtC   «»ELD 
DEPOSITS.   SAMPLE  NO.   4.   DEPOSIT   A. 

riftuRC  It.    PHOTCMICROCU^if Of WUO JOINTS  IK ÄüMlAK MEDIUM TAMt 
T.34 A-NO HCAVV TANS SV.I. fcT^.f ;« 
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COPT - 26 IoTM(b«r 19^3 - abk 
SZCBH 

102 IffiPARTKBHT 
Office of the Chief of Ordnance 

tfeshington, D.  C. 

0.0. U00.112/U376(8) 
Attn: Steel end Veldin* 

27 August 19^3 

Subjects Sample Sections of Russian K7iand T3U Tanks 

To:     Commanding Officer 
Vat or town Arsenal 
t'at er town, Mats. 

Attn: Colonel H. H. 2orr.i|: 

1. Aberdeen Proring Ground has been instructed to send to^ 
Vatertown Laboratory, selected samples of armer end welding from 
Hussian tanks in accordance with the attached sketches A, 3, and C, 
dated 27 August 19U3. 

2. A complete metallurgical examination is to be made cohering 
rolled homogeneous, cast armor and weldsents. 

3. It Is requested a complete cross section of each specimen 
l/^" tr 1/2* wide, showing rolled homogeneous, cast armer and veld, 
be cut and machined on both sides, polished, etched in a manner to 
bring out bead sequence, and coated for protection* These are t* be 
sent to the office of Colonel 0. Ilkins Knable, Special Steels and 
Voiding Section, Technical Division, Washington, D. C, as soon as 
possible. 

U. A similar section is to be cut, but unpolished, and set 
aside for future analysis by an outside agency if it is found 
desirable. 

By order of the Chief of Ordnance: 

3 Incls. 
As indicated abore. 
CC - Col. S.B. Äitchle 

C«pt, 3.8. Dfcvis 
It. H.7. Brow» 
It. I.J. Cogan 
Major J.t. Cooabe 

(s/t) 0. Slkins Enable 
Colonel. Ord. Sept. 
Assistant 

Vta.U51.25/l57(s) 
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